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Deta i led  angular  d i s t r i b u t i o n s  of e l a s t i c a l l y  once such beam is  developed a t  IUCF wi th in  t he  
s c a t t e r e d  protons have been measured f o r  t he  s e t  next  year  and they w i l l  c e r t a i n l y  be augmented 
of t a r g e t s ,  bombarding energies ,  angular  ranges l a t e r  w i th  po la r i za t ion  measurements a f t e r  t he  
and angular  i n t e r v a l s  l i s t e d  i n  Table 1. IUCF polar ized  proton source has become opera- 
Resul t s  f o r  2 0 8 ~ b  a t  121.2 MeV and f o r  t i o n a l  i n  e a r l y  1978. 
a t  79.8 and 135.1 MeV have been previous ly  re-  The measurements were c a r r i e d  out  w i th  i so-  
ported1). Examples of t he  r e s u l t s  a r e  i l l u s t r a t e d  topical ly-enriched t a r g e t s  (except f o r  S i )  of  
i n  Figure 1 f o r  4 0 ~ a  and i n  Figure 2 f o r  2 0 8 ~ b .  th ickness  from about 4 t o  33 mg/cm2. The s c a t t e r e d  
When combined wi th  t he  recent  Maryland measurments2) protons were de tec ted  using the  QDDM spectrograph 
of s i m i l a r  ex t en t  and q u a l i t y  f o r  5%i, 9 0 ~ r ,  with a focal-plane a r r ay  cons i s t i ng  of a h e l i c a l  
120sn and 2 0 8 ~ b  a t  100 MeV, t h i s  new da t a  s e t  of wire  chamber f o r  pos i t i on  determination and 2 t h i n  
15 angular  d i s t r i b u t i o n s  adequately f i l l s  t he  p l a s t i c  s c i n t i l l a t o r s  f o r  p a r t i c l e  i d e n t i f i c a t i o n .  
void i n  high-quali ty proton e l a s t i c - s c a t t e r i n g  Coincidence requirements def in ing  the  des i red  
d a t a  which ex i s t ed  up t o  now i n  t he  energy events r e s u l t e d  i n  very c lean  spec t r a ,  with back- 
region from 60 t o  160 MeV. The present  cross-  grounds genera l ly  below one percent  (except near  
s ec t ion  measurments w i l l  probably be extended 90° where t he  e l a s t i c  c ross  s ec t ion  is of order  
t o  one add i t i ona l  energy c lo se  t o  200 MeV 1 b s r .  The o v e r a l l  energy r e so lu t ion  of  50 t o  
100 keV was more than adequate f o r  t h i s  experi-  
Table 1. Proton E l a s t i c  Sca t t e r ing  Measurements 
a t  IUCF ment. Angular r e so lu t ion  ranged from 0.3O t o  1.5' 
Target  Ep(MeV) e ~ ~ b  A 0  with  corresponding s o l i d  angles  from 0.2 t o  1.0 
Figure 1. 
o,, p + 9 0 ~ r  , I35 MeV , 
Figure 2. 
msr. Beam i n t e n s i t i e s  on t a rge t  were held  t o  
0.5-5nA with a water beam s top in te rna l  t o  the  
t a rge t  chamber f o r  the  angular range 60 t o  % 30°; 
f o r  measurements from % 30' t o  900 (with the  
beam stopped i n  the  shielded external  beam dump) 
beam currents ranged from 15 t o  150 nA. The over- 
a l l  r e l a t i v e  accuracy of the  data generally 
var ies  between 51% and + 10%; the  absolute cross 
sect ions  a r e  determined t o  within f 10%. 
The absolute e l a s t i c  cross sect ions  fo r  
most t a rge t s  and energies span a range of values 
covering 6-8 orders of magnitude. One s t r i k i n g  
general f ea tu re  of the  data  is the  smoothing out 
of the  d i f f r a c t i o n  s t ruc tu re  i n  the  mid-region 
of the angular range measured. This e f f e c t  is 
most pronounced f o r  the  l i g h t e r  t a rge t s  (e.g. 
4 0 ~ a ,  Fig. 1 )  a t  a l l  energies but is stil l  seen 
even f o r  'O$b a t  the  highest  energy (Fig. 2). 
8c.m. 
Figure 3. 
Similar damping of d i f f r ac t ion  pa t t e rns  is a l s o  
observed a t  somewhat lower energies f o r  heavier 
p r o j e c t i l e s  (e.g. 4 ~ e  o r 6 ~ i  ions) where the  
e f f e c t  a r i s e s  from s t rong absorption and Coulomb 
e f fec t s .  In  the  present case, f o r  protons, the  
e f f e c t  is found t o  be of e n t i r e l y  d i f f e r e n t  or ig in:  
s t rong spin-orbit  s p l i t t i n g  of per ipheral  p a r t i a l  
waves (i.e. with impact parameters i n  the  surface  
region of the  nucleus where the  spin-orbit  
po ten t i a l  peaks) causes the  spin-f l ip  p a r t  of the  
cross-section t o  be s izeable  forward of IL 90°. 
Both spin-f l ip  and non-spin-flip p a r t s ,  a+- and 
US+, (which add incoherently t o  produce the  t o t a l  
observed cross  sect ion)  o s c i l l a t e  strongly,  a s  
i l l u s t r a t e d  i n  Figure 3 f o r  9 0 ~ r  a t  135 MeV. I n  
the  intermediate angular region they happen t o  have 
s imi lar  magnitude but opposite phase, while a t  
f a r  forward and back.angles (> 1000) the  non-spin- 
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f l i p  p a r t  dominates. The r a t h e r  l a r g e  sp in-orbi t  
s p l i t t i n g  seen a t  these  h igh  energies  i s  a d i r e c t  
consequence of t he  s i zeab le  sp in-orbi t  p o t e n t i a l  
s t r eng th  f o r  pe r iphe ra l  L-values ( t yp i ca l ly  of 
order  10) r e l a t i v e  t o  t he  appreciably weaker cen- 
t r a l  po t en t i a l ,  combined wi th  t he  f a c t  t h a t  a  s ize-  
a b l e  r epu l s ive  imaginary p a r t  t o  t he  sp in-orbi t  
i n t e r a c t i o n  is requi red  ( r e su l t i ng  i n  s t rong 
j-dependence i n  t he  absorpt ion) .  Re la t i ve ly  
s t rong s e n s i t i v i t y  of t h e  d i f f e r e n t i a l  c ross  sec- 
t i o n  t o  spin-dependent i n t e r a c t i o n s  is thus en- 
countered a t  these  higher energies ,  i n  con t r a s t  t o  
t he  f a i r l y  weak impact such i n t e r a c t i o n s  a s  a r u l e  
were found t o  have on t h i s  p a r t i c u l a r  observable a t  
lower energies.  
One important motivation f o r  t h e  present  
measurements was t o  provide a more d e f i n i t i v e  
optical-model parametrizat ion of proton e l a s t i c  
s c a t t e r i n g  beyond 60 MeV than was previously 
of genera l ly  lower qua l i t y .  I n  p a r t i c u l a r ,  t he  
d e t a i l e d  na ture  of t he  energy v a r i a t i o n  of r e l evan t  
c h a r a c t e r i s t i c s  of t he  l o c a l  phenomenological 
p o t e n t i a l  (such a s  t he  volume i n t e g r a l  per  nucleon) 
is  of considerable i n t e r e s t  i n  r e l a t i o n  t o  theore- 
t i c a l  models of  t h a t  energy dependence. TO t h i s  
end, optical-model f i t s  t o  t he  present  da ta  were 
performed using the  IUCF code S N O O P Y ~ ~ )  wi th  
r e l a t i v i s t i c  kinematics and a r e l a t i v i s t i c  ex- 
tens ion  of t he  Schradinger equation.  A representa-  
t i v e  f i t  is shown i n  Figure 4 f o r  2 0 8 ~ b  a t  121 MeV 
(parameter values given f o r  t h e  standard Woods- 
Saxon form f a c t o r s  a r e  i n  MeV and fm). The volume 
i n t e g r a l s ,  J/A, of t he  r e a l  c e n t r a l  p o t e n t i a l  
obtained i n  these  ca l cu l a t i ons  f o r  2 0 8 ~ b ,  f o r  
example, (Fig. 5) a t  80, 100 and 121 MeV ( the  160 
MeV ana lys i s  is  s t i l l  i n  progress)  a r e  found t o  be 
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poss ib le  wi th  t he  smal l  amount of a v a i l a b l e  da t a  
Figure 5. 
cons i s t en t  wi th  e a r l i e r  r e s u l t s 4 )  of  s i m i l a r  r e l a t i - ,  
v i s t i c  ca l cu l a t i ons  f o r  lower and h igher  energies  
(non- re l a t i v i s t i c  ca l cu l a t i ons  y i e l d  considerably 
l a r g e r  values f o r  J/A above 100 MeV). 
Also cu r r en t ly  underway a r e  ca l cu l a t i ons  of 
angular  d i s t r i b u t i o n s  i n  t e r n s  of micro- 
scopical ly-derived nucleon-nucleus p o t e n t i a l s  
obtained i n  t he  Hartree-Fock approximation and 
using momentum and density-dependent e f f e c t i v e  
i n t e r ac t ions5 ) .  
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